The paper presents results of laboratory unconfined and confined shear tests. Tests were conducted on samples of clays taken from depth 100-300 meters below ground level. All confined tests were performed in triaxial apparatus following TXCIU procedure. Selected samples were tested in overconsolidation state. The OCR ratio values ranged from 3 to 28. Values of uniaxial compressive strength qu and undrained shear strength cu were established for each OCR ratio. The normalization procedure was done and the normalized ratio cu/ 'vc and qu/ 'vc were obtained. The results were compared with SHANSEP equation. The analysis shows that SHANSEP equation can be used for natural clayey soils in heavily overconsolidated state.
Introduction
The mechanical properties of clayey soil, especially shear strength, are one of the most important for engineering practice. The laboratory testing is usually conducted on normally consolidated (NC) or overconsolidated (OC) intact soil samples, taken from depth no more than 20-50 m below ground level. Only very few experimental investigations have been carried out using intact clay samples taken from great depths. The correlation between soil mechanic parameters is usually estimated on reconstituted samples or natural samples with OCR < 10 [2, 6, 7] . This paper presents results of laboratory examinations of undrained shear strength of clayey and silty clayey soil specimens taken from great depths. All tested samples were taken from 100 to 300 meter below ground level. The effective vertical stresses in situ in sampling points 'v0 varied from 1.98 MPa to 5.31 MPa. One of the main mechanical parameter of soil, i.e. undrained shear strength cu, was established under undrained conditions from unconfined and confined triaxial tests. In all tests, during consolidation stage, the applied consolidation pressure was low enough to preserve the overconsolidated state of stress of soil. Tests were repeated with different consolidation stress due to obtain values of cu at different overconsolidation ratio (OCR) for each sample.
To determine the changes in cu with respect to OCR ratio a normalization procedure was used. The concept of normalized behaviour is extensively used in soil mechanics [4] . It is based on observation that the laboratory test results on samples having the same OCR ratio and different consolidation load (different preconsolidation pressure) shows similar properties when normalized with respect to the consolidation stress. The normalized behaviour is a basis of many framework of soil behaviour; in particular, critical state soil mechanics [1, 3] or soils model e.g. Cam-Clay [7] or MIT [11] . 
Nomenclature

Material and Methods
The laboratory tests were made on the tertiary soil samples taken from Lower Silesia region. The eight samples have been selected to laboratory investigations. The undisturbed soil samples have been taken from boreholes with depths from 100 m to 287 m below ground level. The basic geotechnical soil parameters have been estimated in accordance with the PN-EN ISO 14688: 2006 [13] and PKN-CEN ISO/TS 17892: 2009 [14] . Obtained results are listed in Table 1 . The grain size distribution tests shown, that examined soils are clays (Cl) and silty clays (siCl). The specimens are characterized by a large variability of densities (from 1.52g/cm 3 to 2.18g/cm 3 ) and natural water content w (from 13.8% to 25.8%). The examined soils are in stiff and very stiff consistency (PN EN ISO 14688: 2006) [5, 13] . The laboratory tests were carried out in triaxial apparatus. Four specimens were cut out: one for unconfined compression and three for confined compression tests, from each sample. The unconfined compression test was done following the procedure described in PKN-CEN ISO/TS 17892: 2009 [5, 14] . The undrained shear strength cu for each sample was estimated. The confined undrained compression tests were done in triaxial apparatus, after isotropic consolidation (TXCIU test) [5] . During isotropic consolidation, the specimens were loaded with different isotropic consolidation stress '3 depending on desired OCR value. The undrained compression stage was carried out until the failure was reached. The failure was established for peak shear stress qu = ( 1 -3) max. For each samples three specimens were tested with different confinement. The values of uniaxial compressive strength qu and undrained shear strength cu (cu = 0.5 qu) were determined from shear stress-strain relationships. The obtained values were dedicated to proper overconsolidation ratio described by OCR. To compare the parameter values obtained in different stress state the normalization concept was used [1-3, 11, 12] . 
Results
The parameters estimated from unconfined compression test are listed in Table 2 . After the test, normalized parameters qu/ 'vo and cu/ 'vo were established [2, 4] . The normalization was divided using effective vertical in situ stress 'vo (see Table 1 ) [3] . As can be seen, the obtained cu and qu values are strongly influenced by samples consistency. The highest values of cu and qu were observed in samples with very stiff consistency TX7 TX14. The lowest cu and qu values due probably to internal samples cracks -see TX 2 and TX18. The normalized values cu and qu varies with OCR and no correlation can be found.
The TXCIU (triaxial isotropic consolidation, undrained compression) tests are shown in Table 3 . For each selected sample three specimens were taken and tested under different confining pressure '3. The OCR ratio was estimated for each test, as the quotient of the in situ effective vertical stress (test as the quotient of the in situ effective is considered as a preconsolidation stress 'p = 'vo) and effective vertical consolidation stress 'vc. The OCR values were estimated as 3 to 28. The qu and cu values were determined from each test. The normalized value: undrained compressive strength ratio qu/ 'vc and undrained shear strength ratio cu/ 'vc were found by following the normalization procedure described earlier by others authors [2, 4, 8] . The normalized undrained shear strength ratio cu/ 'vc as a function of OCR is presented in Figure 1 .
It is clear that, in case of examined soils taken from great depths, tested in triaxial apparatus the power low function of the OCR (SHANSEP equation [6] ) well described the relationship:
The Table 4 gives the correlation coefficient R 2 the derived S and m values to SHANSEPT equation (1) for examined soils presented in Figure 1 . There is no correlation in case of two samples TX7 and TX27, but in the case of other six it is well pronounced. For those (6) samples the values of m is 0.12 -0.68, which differ significantly from values given for reconstituted soil by other authors (m is ranging 0.7-0.8) [1, 10] . The S value 0.35-0.80 is generally more consistent with previous work, where S varies from 0.2 to 0.4 [2, 10] . The large scatter of m and S values is probably connected with differences of natural clayey soil chosen to the test. The framework was done for reconstituted clay samples Boston Blue Clay taken from one borehole [2] . Despite this, it should be noted that the equation (1) SHANSEP could be used for natural heavily overconsolidated soil. 
Conclusions
The paper presents results of laboratory unconfined and confined shearing tests conducted on clay samples taken from great depth. The samples were tested in overconsolidated state. The consolidation stress during testing was lower than in situ effective vertical stress, which has been considered as preconsolidation pressure. The OCR ratios of investigated specimens vary from 3 to 28.
The changes of values of undrained shear strength cu with overconsolidation state were established.
